Introduction
It is well known that 6R-erythro-5,6,7,8-tetrahydrobiopterin (R-THBP) is a cofactor for the aromatic amino acid hydroxylases and is essential for the biosynthesis of catecholamines and indoleamine. The distribution of R-THBP in the brain correlates with that of aromatic amino acid hydroxylases and in the striatum the biosynthetic system of R-THBP is localized in dopaminergic nerve terminals (1) . Recently, Koshimura et al. (2) observed that microdialytic perfusion of R-THBP enhanced release of dopamine and serotonin in the rat striatum. These observations suggest that R-THBP may regulate biogenic amine release and their biosynthesis.
There have been many reports on the effects of aging on brain catecholamine levels in various rodent strains and humans, but there are few reports on age-related changes in brain R-THBP.
Therefore, the purpose of this study was to examine age-related changes in the levels of both biogenic amines and pteridines in six different brain regions of Fischer-344 rats of various ages.
Material and Methods

Animals
Four groups of male Fischer-344 rats, aged 2, 7, 15 and 28 months (each group, η = 6) purchased from Charles River Japan were used. Three to 4 rats were housed in a cage with free access to food and water and were maintained under standardized conditions of room temperature (23 ± 2 °C) and light-dark cycle (light on between 07:00 and 19:00).
Tissue preparation
Each rat was sacrificed by decapitation. The brain was quickly removed and dissected on an ice-cold glass plate into the following six regions; cortex, hippocampus, striatum, diencephalon, cerebellum and brainstem, according to the method of Glowinski and Iversen (3). Immediately after dissection, the brain tissue were homogenized in 1 to 2 ml of 0.5 M perchloric acid containing 0.1% (w/v) Na 2 S 2 0 4 and 0.1% (w/v) EDTA 2Na, after which the internal standard was added; 3,4-dihydroxybenzy lamine (DHBA) 50 ng/20 μΐ. After centrifugation (1500 χ g for 15 min), the supernatant was passed through a Millipore filter (0.45 μπι in pore size) and was injected into a high performance liquid chromatography (HPLC) system.
Measurement of pteridins
For measurement of brain pteridine contents, a chromatographic system was used which consisted of a Bioanalytical System (BAS) electrochemical detector (ECD) (LC-4B) with a glassy carbon electrode and fluorometric detection (FD) (RF-535, Shimadzu, Japan) coupled to a Bio phase II ODS analytical column (4.6 mm χ 150 μπι) maintained at a constant temperature of 35 °C with a column heater (LC-22A, BAS). The ECD was operated at a potential of + 450 mV versus the reference electrode (Ag/AgCl). The FD was used with an excitation wavelength of 350 mm and an emission wavelength of 440 mm. The mobile phase consisted of 0.1 M sodium phosphate, 3 mM octanesulphonate Na, 5% (w/v) MeOH, 0.1 mM EDTA 2Na, and pH was adjusted to 3.0 with orthophosphoric acid. The flow rate was maintained at 0.8 ml/min. The mobile phase was filtered through a 0.2 μηι filter and then degassed under vacuum before use. The concentrations of pteridines in brain samples were quantified by comparison of sample peak area with external standard peak areas; areas under the curves using an integrator (C-R4AX, Shimadzu, Japan).
Assay of biogenic amines
HPLC with ECD was used for simultaneous measurement of catecholamines, indoleamine and their metabolites. The HPLC system (BAS) consisted of a Bio phase II ODS analytical column coupled with a glassy carbon electrode (LC-4B) set at a potential of + 750 mV versus a reference electrode (Ag/AgCl). The mobile phase wasw 0.6% (w/v) triethylamine, 8% (v/v) acetonitrile, 0.1 mM EDTA 2Na and 10 mM heptanesulphonate Na (pH 2.70).
Statistics
The results were statistically analyzed using the twotailed Student's /-test.
Results
The major pteridine detected in rat brain tissues was R-THBP. The level of R-THBP was highest in the striatum, followed by the diencephalon, hippocampus, cortex, brainstem and cerebellum. D-neopterin and S-THBP were not detected in any brain regions tested.
There was an age-related decline in R-THBP concentrations in all brain areas examined except the diencephalon. The most marked decrease was found in the brainstem of 28 month-old rats (49.1% of the 2 month-old rats). Smaller but significant reductions in R-THBP levels were seen in the cortex (65.9%), hippocampus (68.7%), striatum (83.2%) and cerebellum (75.8%). Pteridine contents were also significantly lower in the hippocampus (60.8%), striatum (82.6%) and brainstem (62.6%) of older rats.
Age-related changes were demonstrated in dopamine (DA) and its metabolites (DOPAC and HVA) as well as in the ratio of (DOPAC + HVA)/DA. DA content in the hippocampus was significantly lower in 28 month-old rats. Levels of DA metabolites showed agerelated and marked decreases in all brain regions examined. In particular, DOPAC and HVA levels in the diencephalon at 7, 15 and 28 months were significantly lower than those at 2 months. The ratio of (DOPAC + HVA)/DA was also significantly lower in older rats in all brain regions examined.
Norepinephrine (NE) levels were found to be significantly decreased in the cortex and cerebellum of 28 months-old rats relative to 2 month-old rats. In the brainstem, the decline in NE level was demonstrated to occur in 7 month-old.
5-HT levels were found to be significantly elevated in all brain regions examined, and the metabolite, 5-HIAA, was also significantly increased in all brain regions except the cerebellum in age-related fashion. The ratio of 5-HIAA/5-HT was significantly lower in the cortex, diencephalon and cerebellum, but higher in the brainstem of older rats.
Discussion
In the present study, it was demonstrated that an important cofactor, R-THBP, for the aromatic amino acid hydroxylases, became low in contents in the aged Fischer-344 rat brain, and that the alterations in biogenic amine contents in the brain were complex ones; that is, the dopaminergic system showed general reduction in its activity as reflected in decline of the ratio of (DOPAC + HVA)/DA, while serotonergic system showed general increases except for the cerebellum with bidirectional changes in the ratio of 5-HIAA/5-HT and the NE levels showed increases in some regions (cortex and cerebellum) but decline in other regions (brainstem and diencephalon), in older rats.
Therefore, it is hard to believe that, as far as their brain levels are concerned, the age-related changes in the functions of biogenic amines, especially of NE and 5-HT neuron systems, in the rodent brain, go parallel with those in R-THBP, a key cofactor for the biogenic amine biosynthesis. Thus, it is suggested that the relationship between them may be regulated in more complex ways through their biosynthetic and degradating systems in the aging process. Alternatively, it is also suggested that R-THBP may play unique roles distinct from that as a cofactor for aromatic amino acid hydroxylases. These hypotheses remain to be assessed.
